The lanthanoid contraction is a gradual decrease in the ionic radius of each element as atomic number increases. The decrease is approximately 1 Ångstrom per unit atomic number, except when going from Gd (gadolinium) to Tb (terbium) where the decrease is approximately 2 Ångstroms. La (lanthanum) to Gd (gadolinium) are often referred to as the light rare earth elements and Tb (terbium) to Lu (lutetium) as the heavy rare earth elements. Y (yttrium) is included with the heavy rare earth elements because its ionic radius is similar to that of Ho (holmium), one of the heavy rare earth elements. This gradual decrease in ionic radius results in sight differences in solubility between the rare earth elements. The difference is used to separate the individual rare earth elements during the production of rare earth elements chemicals.
Prices are for pure oxides from a leading rare earth elements chemical producer (1) Global consumption of rare earth oxides (REO) in metric tons per year (tpy) in that particular application;
(2) The different rare earth elements used in that application along with their percent (%) share of consumption;
(3) Principal uses in that application area.
Images were found by author on the World Wide Web.
Data from IMCOA (Industrial Minerals Co. of Australia) and Lynas Corp.
For each application:
(1) Global consumption of rare earth oxides (REO) in metric tons per year (tpy) in that particular application;
Fertilizer image was found at:
http://www.gxjsf.com/en/products.asp?id=2&menu=ShowDetail&P_Id=1041.
Global production of rare earth elements expressed as total rare earth oxides in metric tons for 2009. Source of data: USGS Mineral Commodity Summaries 2010.
Graph courtesy of Daniel Cordier, USGS Mineral Commodity Specialist for rare earth elements.
I have allocated global production by deposit types based on my knowledge of the geology of producing rare earth elements (REE) mines. tpy: metric tons per year. REE: rare earth elements. REO: rare earth oxides.
This is a view of the rare earth elements ore at the Mountain Pass mine, California, under a microscope. Scale bar for 1 millimeter is shown in the lower right corner. Labeled minerals are barite (bar) and bastnäsite plus calcite (b+cc). Bastnäsite, a rare earth element carbonate, is the mineral from which rare earth elements are recovered from this mine. Photo courtesy of Bradley Van Gosen, U.S. Geological Survey.
The two black vertical "stripes" with the light-colored "stripe" between comprise the uranium-rare earth elements vein at Bokan Mountain, Alaska. Rock hammer on left for scale. Photo courtesy of Bradley Van Gosen, U.S. Geological Survey.
Photo on upper left is of a heavy mineral sands mine in Australia. The photo on the lower right is a close up of the heavy mineral sand with a coin for scale. The principal minerals recovered from these sands are ilmenite and rutile, which are sources of titanium. Monazite, a rare earth elements-bearing mineral, occurs in small quantities in these sands, but is not currently being recovered in Australia. It is recovered from heavy mineral sands in India.
Image on upper left from:
http://project-geo.org/Spring_05/heavy_minerals/.
Image on lower right from:
http://grandriverironsands.com/index-3.html. TREO: total rare earth oxides. HREE: heavy rare earths (terbium to lutetium).
REE: rare earth elements.
Photo from Tetsuichi Tagaki, Geological Survey of Japan. China is excluded from these figures because we do not have any reliable data on Chinese reserves and resources for rare earth elements. The resources for Russia are those in various deposits at the Lovozero mining complex. We do not have data for any other rare earth elements deposits in Russia. Reserves for India include the Chavara mine and other heavy mineral sands operations. TREO: total rare earth oxides.
